SUPPORTING INFORMATION
■ General: All reactions were carried out in oven-dried (135 °C) or flame-dried glassware under an inert atmosphere of dry N 2 unless otherwise stated. Alcohol D and substrates phenyl pent-4-enoate, dec-9-en-1-ynyltrimethylsilane, 12, 18, 1-methoxy-4-((oct-7-en-1-yloxy)methyl)benzene, tert-butyl allylcarbamate, N-allylphthalimide, and 21 were dried by azeotropic drying with C 6 H 6 prior to use in reactions with Mo-based complexes (the numbering of compounds refers to those in the body of the text; other compounds are abbreviated by letters). Substrates allyl benzene, vinyl cyclohexane, and butyl vinyl ether were degassed by sparging with dry N 2 then dried by distillation from CaH 2 .
Substrates 1-decene, (allyloxy)triisopropylsilane, N-allylaniline, 8-bromooct-1-ene, 1-octadecene, p-methoxyphenyl vinyl ether, and 1-hexadecene were dried by vacuum distillation from CaH 2 . Alcohol D 1 , and pmethoxyphenyl vinyl ether, 2 N-allylphthalimide 3 , and 2,5-dioxopyrrolidin-1-yl hexacosanoate (23) 4 were synthesized according to previously reported procedures. Infrared (IR) spectra were recorded on a Bruker FTIR Alpha (ATR Mode) spectrometer, υ max in cm -1 . Bands are characterized as strong (s), medium (m), or weak (w), broad (br).
1 H NMR spectra were recorded on a Varian Unity INOVA 400 (400 MHz), or 500 (500 MHz) spectrometers. Chemical shifts are reported in ppm from tetramethylsilane with the solvent resonance resulting from incomplete deuteration as the internal reference (CDCl 3 : δ 7.26, C 6 D 6 : δ 7.16). Data are reported as follows: chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, br = broad, m = multiplet, app = apparent), and coupling constants (Hz). Chemical shifts are reported in ppm from tetramethylsilane with the natural abundance of deuterium in the solvent as the internal reference (CHCl 3 in CDCl 3 : δ 7.26). 13 C NMR spectra were recorded on Varian Unity INOVA 400 (100 MHz) or 500 (125 MHz) spectrometers with complete proton decoupling. Chemical shifts are reported in ppm from tetramethylsilane with the solvent resonance resulting from incomplete deuteration as the internal reference (CDCl 3 : δ 77.16, C 6 D 6 : δ 128.06). In the case of coupling to deuterium, the data are reported as follows: chemical shift, multiplicity (d = doublet, t = triplet), coupling constants (C-D, Hz). Enantiomer ratios were determined by HPLC (Chiral Technologies Chiralpak OJ-H column (4.6 mm x 250 mm)) in comparison with authentic racemic materials. High-resolution mass spectrometry was performed on a Micromass LCT ESI-MS (positive mode) at the Boston College Mass Spectrometry Facility. Optical rotation values were recorded on a Rudolph Research Analytical Autopol IV polarimeter. Melting points were measured on a Thomas Hoover capillary melting point apparatus and are uncorrected. ■ Reagents: Allyl alcohol was purchased from Aldrich and used as received. N-Allylaniline was purchased from Aldrich and distilled from CaH 2 prior to use. Allyl bromide was purchased from Aldrich and vacuum distilled from CaH 2 prior to use. Allyl benzene was purchased from Aldrich, sparged with dry N 2 and distilled from CaH 2 prior to use. N-allyl-tert-butylcarbamate was purchased from Aldrich and purified by silica gel chromatography (10% ethyl acetate in hexanes) prior to use. d 6 -Benzene was purchased from Cambridge Isotope Laboratories and distilled from Na into activated 4 Å molecular sieves prior to use. Benzoyl chloride was purchased from Aldrich and vacuum distilled neat prior to use. 8-Bromooct-1-ene was purchased from Aldrich and vacuum distilled from CaH 2 prior to use. tert-Butyldimethylsilyl chloride was purchased from Oakwood and used as received.
(5) n-Pentane was allowed to stir over concentrated H 2 SO 4 for three days, washed with water, followed by a saturated aqueous solution of NaHCO 3 , dried over MgSO 4 , and filtered before use in a solvent purification system. Trimethylsilylacetylene was purchased from TCI and distilled over CaH 2 prior to use. Triphenylphosphine was purchased from Aldrich and recrystallized from boiling hexanes prior to use. Vinyl cyclohexane was purchased from Aldrich, sparged with dry N 2 and distilled from CaH 2 prior to use. General Procedure: A 4-mL vial containing a magnetic stir bar was charged with Mo bispyrrolide A (5.70 mg, 10.6 µmol), alcohol D (5.90 mg, 10.6 µmol), and C 6 D 6 (500 µL) in an N 2 -filled glovebox. The vial was tightly capped and the mixture was allowed to stir for 1 h, after which it was transferred to a screw-cap NMR tube by a pipette. The NMR tube was tightly capped and sealed with Teflon tape. For in situ-generated complexes, only the diagnostic signals of the α-carbon of the syn-alkylidenes are reported. 1a:
1 H NMR (400 MHz, C 6 D 6 ): δ 13.02 (1H, s), 12.96 (1H, s); d.r. = 1:8.
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Representative Procedure for in situ-Generation of Complex 1a: In an N 2 -filled glovebox, a 4-mL vial containing a magnetic stir bar was charged with Mo bis-pyrrolide A (20.0 mg, 37.2 µmol), alcohol D (21.1 mg, 37.2 µmol), and C 6 H 6 (372 µL, 0.10 M); the mixture became brilliantly orange. The vial was capped and the solution was allowed to stir for 1 h at 22 °C. The catalyst solution was transferred to the mixture by a syringe (dried at 65 °C).
■ General Procedure for Catalytic Z-Selective Enol Ether Cross-Metathesis with Stereogenic-at-Mo Complexes: In an N 2 -filled dry box, a 20-mL vial equipped with a magnetic stir bar was charged with substrate. A separate 2-mL vial was charged with enol ether and in situ-generated Mo complex in C 6 H 6 . The resulting solution was allowed to mix for approximately 1 min and then transferred to the vial containing the substrate by syringe. The resulting solution was allowed to stir for the required period of time. The vessel was removed from the dry box and the reaction quenched by the addition of benchtop Et 2 O (~1 mL). The mixture was concentrated in vacuo (% conversion and diastereoselectivity determined by 400 MHz 1 H NMR analysis). Purification was performed by neutral alumina or silica gel chromatography. Results reported are averages of at least two independent runs, and the reactions reported below are representative of a single run. (Z)-(3-Butoxyallyl)benzene (8a). Following the general procedure for enol ether CM, allyl benzene (50.0 mg, 0.423 mmol, 7) was treated with butyl vinyl ether (424 mg, 4.23 mmol), 2.5 mol % of in situ-generated complex 1a (106 µL, 0.10 M, 10.6 µmol; final substrate concentration = 4.0 M), and allowed to stir for 2 h. The unpurified product is 98% Z (as determined by 400 MHz 1 H NMR analysis). The resulting brown oil was purified by neutral alumina chromatography (100% hexanes) to afford 8a (61.3 mg, 0.322 mmol, 76.0% yield, >98% Z isomer) as a colorless oil. The physical and spectral data were identical to those previously reported for compound 8a. CM catalyzed by a Mo-complex containing a racemic aryloxide ligand: Following the exact same procedure described for the synthesis of 8a, where the in situ-generated complex is formed from racemic alcohol, under the same conditions, after 2 h the reaction proceeded to 69% conversion (based on internal standard), and the unpurified product is 96% Z (as determined by 400 MHz 1 H NMR analysis). 
Triisopropyl(3-(vinyloxy)prop-1-yn-1-yl)silane (11).
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A 100-mL round-bottom flask equipped with stir bar was charged with palladium trifluoroacetate (16.0 mg, 47.1 µmol), 4,7-diphenylphenanthroline (16.0 mg, 47.1 µmol), and butyl vinyl ether (23.1 mL, 188 mmol). 3-(Triisopropylsilyl)prop-2-yn-1-ol 11 (2.00 g, 9.42 mmol) and triethylamine (982 µL, 7.06 mmol) were added to the yellow solution. The flask was fitted with a reflux condenser and allowed to stir at 75 °C for 16 h. The Pd catalyst was removed by passing the reaction mixture through a short (~ 2.5 cm) plug of celite and activated charcoal. The resulting unpurified oil was purified by silica gel chromatography (100:1 hexanes:Et 3 N) to afford 11 (1.75 g, 7.34 mmol, 78.0% yield) as a colorless oil. IR ( . In an N 2 -filled dry box, a 20-mL vial equipped with a magnetic stir bar was charged with substrate 11 (50.0 mg, 0.210 mmol), and 2.5 mol % of in situ-generated complex 1a (52.0 µL, 0.10 M, 5.24 µmol; final substrate concentration = 4.0 M). A separate 2-mL vial was charged with 1-octadecene (12, 106 mg, 0.419 mmol) and decalin (106 µL). The resulting solution was transferred to substrate 11 and catalyst by syringe, a septum, fitted with an outlet needle, was quickly attached to the vial and an adapter was attached to the top of the septum and vacuum (~1.0 torr) applied. The resulting solution was allowed to stir for 2 h. The reaction vessel was removed from the dry box and the reaction quenched by the addition of benchtop Et 2 O (~1 mL). The unpurified product 13 is 98% Z (as determined by 400 MHz 1 H NMR analysis). The unpurified residue was dissolved in Et 2 O and passed through a 2.5 cm plug of neutral alumina to remove inorganic salts. The solution was then concentrated. In a 25-mL round-bottom flask equipped with a stir bar, the resulting residue was treated with TBAF (1.0 M in thf, 1.05 mL, 1.05 mmol), and allowed to stir for 2 h. The solution was diluted with Et 2 O (~10 mL), passed through a 5 cm plug of neutral alumina, and concentrated. Following the exact same procedure described above, substrate 11 (1.00 g, 4.19 mmol) was treated with 1-octadecene (12, 2.12 g, 8.39 mmol), decalin (2.10 mL), and 1.0 mol % of in situ-generated complex 1a (419 µL, 0.10 M, 41.9 µmol; final substrate concentration = 1.7 M), and allowed to stir for 3 h under vacuum (1.0 torr). The unpurified product is >98% Z (as determined by 400 MHz 1 H NMR analysis). Treatment with TBAF and purification on neutral alumina afforded compound 14 (0.914 g, 2.98 mmol, 71.0% yield, >98% Z isomer) as a white solid. The physical and spectral data were identical to those previously reported for enyne 14, detailed above. 
(R,Z)-3-(Octadec-1-en-1-yloxy)propane-1,2-diol (16).
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In an N 2 -filled glovebox an ovendried (135 °C) 25-mL round-bottom flask equipped with stir bar was charged with CuCl (2.00 mg, 20.4 µmol), imidazolinium salt 15 13 (11.8 mg, 20.4 µmol), sodium tert-butoxide (15.7 mg, 0.163 mmol), thf (2.0 mL), and the mixture allowed to stir for 20 min. Bis(pinacolato) diboron was added to the solution (solution turns brown), and the mixture allowed to stir for 20 min. The solution was allowed to cool to 0 °C, after which a solution of enyne 14 (250 mg, 0.816 mmol) in thf (2.0 mL) and MeOH (99.0 µL, 2.45 mmol) were added over a period of one minute, and the mixture was allowed to stir for 24 h at 0 °C. The resulting solution was diluted with ethyl acetate (~10 mL) and passed through a 2.5 cm plug of silica gel, and the volatiles were removed in vacuo. The resulting oil was dissolved in thf (2.0 mL), allowed to cool to 0 °C, and treated with an aqueous solution of H 2 O 2 [H 2 O (2.0 mL), NaOH (326 mg, 8.156 mmol), and H 2 O 2 (35 wt % solution in H 2 O, 396 µL, 4.08 mmol)]. The biphasic mixture was allowed to warm to 22 °C over 30 min and stir for 1 h. The mixture was diluted with EtOAc (5 mL) and the organic layer separated. The aqueous layer was washed with EtOAc (3 x 10 mL). The combined organic layers were dried over K 2 CO 3 , filtered, and concentrated. The resulting brown oil was purified by silica gel chromatography The enantiomeric purity of 16 (98:2 e.r.) was determined by acylation to the corresponding bisbenzoate E (see below), and HPLC analysis in comparison with authentic racemic material. The absolute stereochemistry was determined through comparison to (R)-16 synthesized by Bittman et al. 
(S,Z)-3-(Octadec-1-en-1-yloxy)propane-1,2-diyl dibenzoate (E).
A 5-mL round-bottom flask equipped with stir bar was charged with substrate 16 (20.0 mg, 0.0584 mmol), Et 3 N (24.4 µL, 0.175 mmol), CH 2 Cl 2 (584 µL), and was allowed to cool to 0 °C. Benzoyl chloride (14.9 µL, 0.128 mmol) was added slowly over 1 minute. The mixture was allowed to stir for 1 h at 0 °C, then 1 h at 22 °C, and was then diluted with a saturated aqueous solution of sodium bicarbonate (2 mL), and EtOAc (5 mL). The organic layer was separated and the aqueous layer washed with EtOAc (2 x 5 mL). The combined organic layers were dried over anhydrous K 2 CO 3 , filtered, and concentrated. The resulting brown residue was purified by chromatography on silica gel (10:1 hexanes:EtOAc) to afford E (29.7 mg, 0.0539 mmol, 92.0% yield, >98% Z isomer) as a colorless oil. IR ( Dec-9-en-1-ynyltrimethylsilane. A 250-mL round-bottom flask equipped with a stir bar and a water-jacketed reflux condenser was charged with trimethylsilylacetylene (6.00 mL, 42.0 mmol). Tetrahydrofuran (50 mL) was added, and the mixture was allowed to cool to 0 °C (ice-bath). nButyllithium (29.0 mL, 42.0 mmol, 1.46 M solution in hexanes) was added dropwise by a syringe, and the ice-bath was removed following the addition. The mixture was allowed to warm to 22 °C as it stirred for 1 h, at which point 8-bromo-1-octene (3.50 mL, 21.0 mmol) was added, and the mixture was allowed to reflux for 12 h. The mixture was allowed to cool to 0 °C, quenched by addition of 50 mL water, washed with CH 2 Cl 2 (5 x 50 mL). The combined organic layers were washed in brine (1 x 50 mL), dried over MgSO 4 , filtered, and concentrated in vacuo. The resulting brown oil was filtered through a plug of silica gel (eluted in pentane), the filtrate was concentrated and the resulting brown oil distilled under vacuum (1.0 torr). The resulting yellow oil was re-distilled under vacuum (1.0 torr) to afford dec-9-en-1-ynyltrimethylsilane (0.700 g, 3.40 mmol, 14.0% yield) as a colorless oil. 
1-Methoxy-4-((oct-7-en-1-yloxy)methyl)benzene.
A 250 mL round-bottom flask equipped with stir bar was charged with 7-octen-1-ol (1.20 mL, 7.80 mmol). Anhydrous dmf (60 mL) was added, and the solution was allowed to cool to 0 °C (ice-bath). Sodium hydride (2.40 g, 40.0 mmol) was added in portions, and the mixture was allowed to stir until gas evolution ceased. pMethoxybenzyl chloride (2.1 mL, 16 mmol) was added by a syringe and the mixture was allowed to stir for 24 h. The reaction was quenched by addition of a saturated aqueous solution of sodium bicarbonate (100 mL), and washed with ethyl acetate (5 x 100 mL). The combined organic layers were washed with water (3 x 100 mL) to remove dmf, further washed in brine (1 x 50 mL), dried over MgSO 4 , filtered, and concentrated in vacuo. 
(R)-2-(1-((tert-butyldimethylsilyl)oxy)but-3-en-2-yl)isoindoline-1,3-dione (17).
A 50-mL round-bottom flask equipped with stir bar was charged with (R)-N-phthaloyl-2-aminobut-3-en-1-ol (1.49 g, 6.88 mmol) and imidazole (720 mg, 10.6 mmol). A separate oven-dried 50-mL flask equipped with a stir bar was charged with tert-butyldimethylsilyl chloride (2.20 g, 14.6 mmol) and anhydrous dmf (15 mL); the mixture was allowed to stir until all solids were dissolved. The solution of silyl chloride was transferred by syringe to the alcohol and imidazole. The resulting mixture was allowed to stir for 48 h at 22 °C. The reaction was quenched by addition of water (50 mL) and washed with ethyl acetate (5 x 50 mL). The combined organic layers were washed with H 2 O (3 x 100 mL) to remove residual dmf, further washed with brine (1 x 50 mL), dried over MgSO 4 , filtered, and concentrated in vacuo. The resulting yellow oil was purified by silica gel chromatography ( Phenyl pent-4-enoate. A 250-mL round-bottom flask equipped with a stir bar was charged with 4-pentenoic acid (5.10 mL, 50.0 mmol) and CH 2 Cl 2 (40 mL), followed by thionyl chloride (4.00 mL, 55.0 mmol). The mixture was allowed to stir for 30 min, at which point phenol (9.45 g, 100 mmol) was added as a solution in CH 2 Cl 2 (10 mL). The mixture was allowed to cool to 0 °C (ice-bath), and triethylamine (28 mL, 200 mmol) was added dropwise by a syringe over 5 min (N.B., strong exotherm). The resulting solution was allowed to stir for 12 h at 22 °C. The reaction was quenched by addition of a saturated aqueous solution of NaHCO 3 (100 mL). The organic layer was separated, and the aqueous layer washed with CH 2 Cl 2 (5 x 50 mL). The combined organic layers were washed with water (1 x 50 mL), brine (1 x 50 mL), dried over MgSO 4 , filtered, and concentrated in vacuo. The resulting oil was purified by silica gel chromatography (95:5 hexanes:EtOAc) to deliver a colorless oil. The oil was distilled from CaH 2 under reduced pressure (1.0 torr) to afford phenyl(4-pentenoate) (2.58 g, 14.6 mmol, 29.0% yield) as a colorless oil. Spectral data matched those reported in the literature.
14 ■ General Procedure for Catalytic Z-Selective Cross-Metathesis of Allylic Amides with Stereogenic-at-Mo Complexes: In an N 2 -filled dry box, a 4-mL vial equipped with a magnetic stir bar was charged with allylic amide and in situ-generated Mo complex in C 6 H 6 . The second cross partner was then added by a syringe, and a septum, fitted with an outlet needle, was quickly attached to the vial. An adapter was attached to the top of the septum, and vacuum (7.0 torr) was applied. The resulting solution was allowed to stir under vacuum for the required period of time.
The reaction vessel was removed from the dry box and the reaction was quenched by addition of benchtop Et 2 O (~1 mL). The mixture was concentrated in vacuo (% conversion and diastereoselectivity determined by 400 MHz 1 H NMR analysis). Purification was performed by silica gel chromatography. Results reported in the paper are averages of at least two independent runs, and the reactions reported below are representative of a single run. CM catalyzed by a Mo-complex containing a racemic aryloxide ligand: Following the exact same procedure described for the synthesis of 19a, where the in situ-generated complex is formed from racemic alcohol, under the same conditions, after 5 h the reaction proceeded to 85% conversion (based on internal standard), and the unpurified product is 95% Z (as determined by 400 MHz 1 H NMR analysis). 63 (3H, m), 1.55-1.48 (1H, m) 
